There are a number of relationships the host can establish with the microbes we ingest. For the vast majority of microbes, they have a short-lived liaison with the human host. Either they are destroyed by the stomach acid or bile, or can not establish even a temporary residency in the gastrointestinal tract. Early in life the mucosal surfaces of the body establishes a resident, and generally stable, normal flora. These normal flora microbes, the majority of which are bacteria, have specific receptors for specific areas of the alimentary tract. If the foreign microbe can establish residency, it then may transiently or permanently become part of the normal flora.
INTRODUCTION
The 1996 Safe Drinking Water Act amendments require the EPA (US Environmental Protection Agency) to publish every five years a list of currently unregulated contaminants in drinking water that may pose risks. In addition, it must determine whether or not to regulate at least five contaminants. In May of 1997 the EPA convened a workshop on microbiology and public health to develop a list of pathogens for possible inclusion. The basic criteria were (1) public health significance, (2) known waterborne transmission, Nesic et al. 2004) . Inherent in the success of the VFAR strategy is the assumption that the DNA sequences of consequence are stable in the microbe. Ideally, DNA sequences of importance will be shared amongst the pathogens of interest, hence the analysis for "Activity Relationships". This paper is limited to the question: does the possession of virulence factor genes mean that those genes will be active, and the sub-question, is there further information that is required to answer the question?
VIRULENCE FACTORS, THE MICROBE AND THE HOST
Disease ¼ ðnumber of microbesÞ £ ðvirulence factor of microbesÞ specific immunological status of the host target organ system
The process to disease
There are a number of relationships the host can establish with the microbes we ingest. For the vast majority of microbes, they have a short-lived liaison with the human host. Either they are destroyed by the stomach acid or bile, or cannot establish even a temporary residency in the gastrointestinal tract. Early in life the mucosal surfaces of the body establishes a resident, and generally stable, normal flora. These normal flora microbes, the majority of which are bacteria, have specific receptors for specific areas of the alimentary tract. Accordingly, once in place, in order for a "foreign" microbe to attach it must have that same attachment mechanism (e.g. glycocalyx or adhesion) and must find a vacant "parking spot". After it attaches, it must have the ability to survive the hostile environment of the gastrointestinal tract, which includes lowered oxygen tension, high salt concentration, bacteriocins, various host-cell-produced proteases, lipases and esterase, etc (Duncan & Edberg 1995) (Table 1) . If the foreign microbe is resistant to particular antibiotics, and the host is receiving those antibiotics, there is a marked facilitation to establish residency. For example, Pseudomonas aeruginosa, when ingested, will not establish residency in the gastrointestinal tract of humans. However, if patients are administered antibiotics such as ampicillin, to which this species is innately resistant, residency (also known as colonization) can occur. When the antibiotics are discontinued, the Mucin production colonization ceases (Hardalo & Edberg 1997) . The ability to withstand stomach acid and bile, and the possession of adhesion glycocalyxs or other molecules for specific target cells, are microbial virulence factors (Sarker & Gyr 1991) .
If the foreign microbe can establish residency, it then may transiently or permanently become part of the normal flora. However, in order to produce disease, it must possess an additional set of virulence factors. While some of these are known, many are not. Those that are known include enzymes, such as protease, lipase or esterase (Table 2 ). In addition, the end product of these factors can be assayed.
Two such end products are cytotoxicity and cell invasion.
Some microbes, such as viruses, can cause disease not by the production of extracellular virulence factors but by invading the host cell and causing its disruption (Payment et al. 1991) .
Disease occurs functionally when there is a pathologic change to the host target cell or organ. For health risk assessment purposes, we generally are alerted to these changes by the induction of signs (e.g. fever, malaise) or symptoms (e.g. cramping, diarrhea). Medical epidemiologists have referred to the overall cluster of signs and symptoms as an acute gastrointestinal event (ACGE) or HCGI (highly credible gastrointestinal illness) (Payment et al. 1991) . However, it is well known in medicine that a certain percentage of infections by a given microbe may not result in obvious disease, but be sub-acute (Barnes & Dourson 1988; Rusin et al. 1997; Haas et al. 1999; Schaub & Oshiro 2000; Selevan et al. 2000) . In this situation, the microbe apparently possesses the needed virulence factors, but host immunology limits the interaction not to discernable disease but to infection. These patients may transmit the microbe to other patients and contaminate the environment. Also, they may suffer the same sequelae from infection as those patients with disease. Lastly, some patients may recover clinically from the disease but continue to shed the microbe for a period of time.
This situation is known as the carrier state. Successful implementation of this chemical modeling process also depends on a situation that does not exist in microbiology-that the attachment of the drug to its receptor is static, and not highly mutable. Unlike chemistry, microbiology is highly dynamic. Virulence factors may not be naturally present when the microbe is in the environment but only induced after they enter the host, and under very specific microenvironmental circumstances (e.g. pH, salt, heat) (see Table 3 ). These factors may be unknown, or difficult to reproduce in a laboratory setting.
EFFICACY OF VFAR, AND VIRULENCE FACTOR, ANALYSIS: CONSIDERATIONS
Lye & Dufour (1991) analyzed a number of commonly accepted extracellular enzyme virulence factors (e.g. protease, lipase, esterases) from naturally occurring HPC drinking water bacteria, and generally found them lacking.
As part of the discussion of this paper, they suggested that a potential strategy for drinking water analysis could be to analyze samples for virulence factors rather than specific microbes. Because virulence factors may be shared amongst a broad range of pathogens, public health protection could S21 S. C. Edberg | Does the possession of virulence factor genes mean that those genes will be active? Journal of Water and Health | 07.S1 | 2009 
SYNOPSIS OF VIRULENCE FACTOR KNOWLEDGE STATUS
Pathogenicity is a complex series of events. A microbe must first reach its target organ. Next, it must attach to its host cell. It can then enter the host cell (invade), or not. (Edberg 1996 (Edberg , 1997 Edberg et al. 1996 Edberg et al. , 1997 Edberg & Allen 2004) . In Canada, Payment has examined virulence factors in naturally occurring bacteria (Payment et al. 1994) . 
DOES THE POSSESSION OF GENES MEAN THAT THOSE GENES WILL BE ACTIVE?-ITEMS TO RESOLVE
Biology and the plenipotentiary cell For example, an entire tomato plant may be grown from a single differentiated cell. The concept that all cells of the human body are genetically identical is supported by the fact that they contain precisely the same amount of DNA. Therefore, the study of genetic evolution teaches us that the presence of a gene, even many thousands of genes, in a cell does not mean that the genes are active.
Enzyme induction and suppression
Jacob and Monod, who studied cellular differentiation in higher animals and developed the field of study called Relationship between structure, function and avidity
In order for VFAR to be successful, there must be a detailed Small changes in the shape of these molecules can alter their function (Stebbins & Galan 2003) . The exact shape and avidity of interactions like these must be understood as a basis for VFAR analysis, and that knowledge is just being developed, and only at highly specialized laboratories.
Tadpoles, frogs and the microenvironment
As discussed above, the microenvironment is responsible for the activation of many virulence factor genes (see Table 3 ). Each cell in the tadpole has exactly the same genetic constitution as the frog. Yet, tadpoles remain tadpoles until the water temperature is right. However, numerous studies demonstrate that UV is effective and that, once inactivated by UV, Cryptosporidium does not regain pathogenicity.
SUMMARY AND CONCLUSIONS
Each cell in the human body contains all the genetic code to make it any other cell. If one probes a muscle cell, one would find all the "nerve cell" genes. The production of a muscle cell is the result of phenotypic expressions, Cryptosporidium parvum, one finds that this parasite can repair itself from ultraviolet light damage. Clearly, the presence of a gene does not mean that it is, or will, be active.
Moreover, even if the virulence factor coding gene was active, it would not mean that it was sufficient to cause disease. Disease is a process that has a number of steps, from entry into the body, survival of the microbe to passage to its target tissue, attachment to that tissue, interaction with the target tissue to cause disease (such as toxin production or disruption of the cellular machinery), survival on, or in, the target tissue, escape from the host, and survival in the environment (Regli et al. 1991; Steiner et al. 1997; Wadhwa et al. 2002) . Additionally, in drinking water microbiology the ability to survive at low temperature, exist within inorganic and organic tubercles, and be resistant to oxidant disinfectants are also virulence factors (LeChevallier et al. 1991 (LeChevallier et al. , 1997 Barker et al. 1992; Abbaszadegan et al. 1993 Abbaszadegan et al. , 1999 Canale et al. 1993) .
Accordingly, VFAR analysis must account for the fact that disease is multifactorial, with each segment of the process under its own regulatory control. An innocuous bacterium may possess some components of the virulence cascade. For example, Citrobacter can contain the Vi antigen that is a significant virulence factor for S. tyhphi; group C Streptococcus produces streptolysin 0, the major virulence factor that results in rheumatic heart disease, which is only caused by Group A Streptoccus; most gram-negative bacterium produce endotoxin, including many of the innocuous HPC;
and Pseudomonas aeruginosa produces exotoxin A, which, as a protein can cause gastroenteritis, but because the species cannot easily establish residence in the gastrointestinal tract, it is not a cause of health risk from ingestion.
Research is only in the early stages in putting together the pieces of the puzzle, and even knowing which are the essential pieces. In this regard, structure, function and avidity of virulence factor proteins must be known, as well as their genetic stability. How virulence factors remain stable within cells, or can be transferred amongst cells, also needs to be established.
Too many unknown variables exist to go directly to VFAR and bypass a diligent acquisition of knowledge of virulence factors and their expression. While the concept of predicting activity based on structure is quite powerful in the drug discovery arena, it remains only a notion in the world of medical microbiology. It is unlikely that how the liver produces cholesterol will change; hence drugs designed to lower it based on molecular modeling can be efficient. However, microbes change, sometimes even as they are being measured and analyzed. Prior to VFAR, much must be learned about the virulence factors and their expression(s) and stability. Unlike eukaryotic cells, prokaryotic cells achieve diversity via high rates of mutation and exchange of genetic elements. VFAR can evolve over time as knowledge of virulence factors develops.
